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(54) Title: COLOR POLARIZERS 

(57) Abstract 

This invention provides a complementary 
color polarizer u&Ing a single polarizing fihn 
(10) followed by a stack of two or more re- 
taiders (20 and 2 IX In a preferred embodiment, 
the color polarizers produce orthogonally polar- 
ized complementaiy primary colors. This In- 
vention Anther provides color filters (30 and 31) 
which utilize the color polarizers of diis inven- 
tion In combinatioii with a polarization separator 
to separate orthogonally polarized colors. 
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1 2.. W:^a9^c|^S^<^)*5-^i3^^F^c^5V^T. Huiau ^'-:5i'.«^iS:g"J 
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^ r 2 tc^ c ;S:1t® f ^ ;^ 

2 1 . m^mi 9tci2^oA^-®^^tc:fei/^r. Huf2^ 1 OU^-^AV ri 
<i:lfmtim3<D0^—^f^\ r i 4- ;r / 2 CD'J ^— ^>X^*L. 0 < I r i - T ; 
2 2. Ii*:S l 8tcfBicO;^^-{M7t^tcfeo^T. tuIBm 1 Mf2 

2 3. fi*JS2 2tc=5«tO;^j'5-M7te?tc^5t.^T. WIB^lcDU^-^;^^ Tr || 

2 4 . IS^S 2 2 tci21tO:^7'5-{l7t^tc*5V^r. tutem 1 CO r 1 
4-7r/Z£OU:^-^>X. tuie^2cOU^-^;b^ r2(OU^- 
3cOU^-^:5^. ri + ;r/2CDU^-^>X^WL. 0 < I F i - F 2 I < ;r / 

2 6. liSc^2 5tcIB^cO;^-5-M>t?tc43l^T. N= 5T^fe^Ci:^^ 

2 7. Ji5t<:S2 6JcIBtgiO;^'^-{i^^fi::tel^T. m \<DV^^i^t\ ± n ^ 4 . 
OSarpJ^Wb. ^2£DU^-^:6V 0^/c(ivrX2(O@BfoJ^*rUv^3iDU:$?'- 
^$?'7b\ ±/r/4C>@afq]^*L. ^4 U^-^;b^ 0^/c{i:;r/2CDK^ 
fecfc 5 CO ^-^^V ± vr / 4 tOEfp]:^*r ^ C ^ ^l^ii r ^ 
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^h^nri + 7r/2ou^^-^>'x^^u Mta^,3^ 
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3 1 : ii^RIg 3 0 tcta®t(0;^j^-li7t^tC$5i/^Tv Miax/WT'^y h;b^ 4 0 % 
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^ h i» c i: t* ^ :^ ^ - -7 ^71/ ^ o 

'^Mt^it<om^}i. tuKig2^DM7tistc«^or®7t^na"i>Suia^ i oMffii^i 

-g-iOilfeX-^^ h;U:&#r^^cD^3gi:iOP^£DX-^ 
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4 4: 19**4 1 tcfeigiO:;^j-^-77^;l/^tcfeo^T. Mteig i/oli^^ 

4 6. li5R^4 4 tctB«:t^:^^-:7^7U^{c^3V>Tv:tuffi^ 1 tOp^X-r^y^:0^ 
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. X^^-r>r ^y ^fSB^B-tr;U^Wt'^^=^^^1tS^^^ - / 

4 8. fS*^4 7\cmm<oti^—y^jy^lc^\f''X^ fjfS:^;^^-r-Y T^!^0^B-fe 

;U ^ ^ ^ 6 ^ tR ^ n ^ c 

5 1 : ii*lS 5 Otc!BiccO;^ ^-:7^;b^ tC^i/^T tulBfem L U ;r 
1 2 tClErnl Lfzm 1 C^^Sft^iffiS U ^ - /r / l 2 tcSBlpJ Lfc^ 2 CD^ift'^ 
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tim2^^um3<Dmmm^'i^(o?^^c^m^nrcm2(Dm^ 

5 4. m^ms 3\ctm(Oti^-y^jU^{clsi^x< m^ 

—y^jv^tm. m:3^>^zs^yvim(omM7s^-<^ h/V(omx^mx'^mx^ 

5 5. fgAtc^5 4{CIa«cO:t^^-:7^;l/^^c^5^/^Tv: 

. 0^rcl,tny2(Dmi(Dm\^t±ny'4(Dm2COm\^tO)m^^ 

■^&\^^mr^ct^mmtir:h:^^-y^jv>^, 

5 7. m^m4 o\cmm(Dti^''y ^ ;i^:^mmL. ^^ic. mm:^^—y^jv 
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6 0. if5t<^5 9icmm<Dti'^'^'f ^x'/iy'^\c^\.^r. Huiea^sscs^T^-rxr 

U-^ti^. CRT. F E DfcJ:tf AME Lf'w'XyW;6\e>?S:^P*>e)]llR^n^ 

r p rc fi/ ^-r u ^.-j^ <d^)V^ m ^ "tjvr ix<$:wr § c ^ 
^ ?^ss: ^ ^ :^ ^ - X r u o 

6 3. li*Jl5 8{C|BKiO:^-^-T'^X:/U-l'ti. |f*JS5 4 0D^ 

6 4. m^me 1 {^tB®cO^^-'x^X7^u^^c:^ou^T> Suia^liT'-fxy w 
. 6 5. IS^flS 8 {ctB«<7);^-^-T^-r xyw:6\ tuf2;^7-^-7^;l/^ 
6 6. iS3crg5 4 iCtEm(Dil5^-y jV^^mmL:.-^ 

6 8. li*S6 6 tcl2®cDT^>^*^;l/;^y-^fc:fe(.^T. t5IBb>'-^W, ^M*^. 



(10) 
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^ji'J^— X — i/3>:7r<yVA(stack of retardation films) ^ffl: 

^ {S7t^i$'7><yL'^$f (polarization interference filters; P 1 F s )45<fclfX 
^y9^M7fe:7<r;l/^ (switched-polarizer-f liters :SP Fs).^^^ S P F 

X— v^-efe^o *aW^C/W^U^a.—:^v^;l/ (binary tunable) 

7 ^yVA (single retardation films)^. ^-fe:*? ^—{17^:7 -T^b^^^MOSt*^ 

o MTtX-r-y^Ci. HMI^Tt^ (static polarization ana lyzer) J: C> bTV> ; v 

X-^ y^Zy^^M:M'^^o tSift^? (active element) CO fetS (chroma tic nature) 



: : S":5u^/c>^^>y ^5?^Ci. "^Il^-ecfc < $5S^ ; Cmtf . ; ti;b-9-A(Hi isu 

m)-\<D^mm^MA .003 Ml — (Scheffer)^fO^S«^it^4 .09r.^ 

8 :fecJ: tfi/^ X (Shanks) ^cp^Htti*m4 ,232 ,948 ^) p {It^^X V 1^ , 



(12) 



. iKX(Bos)'\<OJj4S!|^ffF^4 .582 .396 {Pluniiiier)'\C031€Bl^ff^4 . 

416,514 Kf7 h>'(Vatne)'\(OJRa#i'F^4.758.818^^, ^SJca'/N^ KV— ( 
Handschy)'^<D^^^ffli|tf^^5 ,347 ,378 ^) o ^feA^-(i7t?f±> ^SOjfiEg/^ 

(p leochro ic dyes)^Wr^4? U V^^/jq-T^ C t tC<fc 0 J^fig^nSo — WfCiQ 

nt) t<Dmcmm-rn mm) - tf-X^T^ftClnterferonieter) 

^— X'T >i^#IS (single variable retarding means)^M^St"So^^—ttffi^ 
ded filter unlts)^^iiU, ^n-rn*<7 /l/^^^ffl^mfc UTSj#$.n/cS V 



(13) 



mmmm^i^y h^^rc^icv iHLmmn : reta 

^'J ^-^^ LTLC^^^^ffll^^o : S P F ^:fi^^ O. tg®i^?^ofeg[co^A^^ 

n^o Ri^^tjswp I F s immr^^. ±x<ommT*}:^-^mmii^mmT^c , 

tti^X^^^o cn^tiS^tc. S P F s ti. p®^tg=&:^^-^^#tL^V^^ 
y;!/^ (Solc):7 V;l^^ (Solc(1965)v J .Opt .Soc . Am .55 -621 ) Uy. F*9gi5il7t^ 

V;l/^(Solc):7^;l/^a. ^Ki}K^f^^^7.<DZ7^^^ 
C<DWiutJC^^^X. (Harris et aK) (Harr is et a 1 . (1964). J .Opt .So. 

c .Am .54 : 1267) (i. V^:6^^^^[5B-f >'/^;l/XiS^(f in ite impu lse, response ;FIR . 



(14) 



1 1 -5 0 4 4 4 1 



<. X-f ^y^^>^/l/{i5t^;^^Otg»i (Z^-r^y) T'^ <}:V\ St^X^ ^y ^ti. 
. ^V^>y^^rc(iX;^X^^y^Jg^H^mt/^^C^;6^T-^^o^ 



(15) 



^o ^^^McO~'D(Otl^ — y^;V^^t. ^g5i:LT (cascaded) > ^^mtOHO 
<D:b'y~ (RGB) 7 ^ JU9^Mmr^Ctff^r*^^o 

Pg-r>'/'?;l/XiS^(finite-impulse-response : F l R)y^J\y'^^Mf^m^''X'^ 

^-^tiTcmno:) fuy^Mt^ mmm^mm (pass -band r ippie)^mmr-^.^ m 

m^i^(D^mmmm:k. fcc}:a'^jh^^(stop-bannd)(D^S-tfa:^Itgr;^ . 
/^^lC:^^BM<DS^fft. iS7t$a^(light efficiency)^#T§ffife{i^^ 

em iss ions) Iridic. m^mm^^mmT^ckt'^r^^^o ccof^t>?)tc. ±t. 

(bandpass) ^Mi^^ $ > JfeTO g fi^COP. R S IS 



^n¥l 1 - 5 0 4 4 4 1 



m^^^Ctt}'^^^^^ Cnfi. (clarity )T% i^— U ^-^>XT% >^ ' ; 

(D^WM. (4 0 0-7 0 0) i!lf¥£0/c36tO]ga^. :jSzi>'b^X>V^^^ . 

i^— a^JB (equal-ripple) PR S^OiEM^^f^T^^o . - 

6 0 0 nm7?^S^S^OU^-^>'X^^'r^4^U;e7-4^^- h"e^:^6 

(Nitto)NRZvi?U;^— 4-:^--h77^;bixT*^^o 5 0^06 0 0 nrnT^-r^l'-^ti:. X 

fi>o^^»9^^<v^/>^T>coxv^->^^;S^4t>-^^^ig^^ 
l^6t^.. (a)^ 1 ^cfct/ (b) ^2^o^It^cS^^,^rcRv^^^ ; " 
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^mW- 1 1 -5 0 4 4 4 1 



mitt. 6 0CD6 4 3 nmV ^-^^m^^fcmzcomm 4<DR/^ 

0 1 Ofi. S4CD^I+5 9rc:^*^G/M P R S tC^^t-^. 

0 1 1 ti. m5<Dmi2(DByY P R S tc^^-r^. n^eoL-^^-r/bAP^ 

0 1 2ti. 0 1 2 1 2 c^Wl>. (a) 2X^— 5/4:7^^-X(two-sta 

ge finesse -of -four) • "^-f:** V> (Lyot)7-<;l/^c0gBB^v (b) lE^^'J^ — 

^j:?jF (c) ¥ff y mm<D^mm^y ^ ^^^(ommt^ 

0 1 3 . 0 1 3 a — 0 1 3 c ( a ) m:^:fe ct t/ 2 m:^^ U ^ -^^^ 

C?2Xx-v^ v5-f:t^;/ h (Lyot) >^ <;l/^tc^^1^^-9->7';^^ Wl/^V (b 

■.V^^a- ■■■■ . ■■■■■ [ \ 

■ : m 1 4 «;^6 t0^it4 coyci*cDR^C^^ 
r itzu)LLC2-55l8 Tfe D . U h- (N itto)NRF4"^ U ;^7-4C^.— 



(18) 



— ^^T^yi/ijDffirl'&x^^ 0T-^§o 

0 2 0 4^ h U r5^-^^ffl(/^fc^ 8 fOStt 9 j^f ^ . SOS b 

/cigsffiii-a-MfeX-^^ h7b^^-r0T*^^o M7t?ti- ^y h-(N itto)G1225DUT' 

OP R sx^ry^o^^ffl^^-r0r^;&o : 
0 2 2 ti. 3 •c>(omytftm^i^'^\^rm-myti^m^^ 

. 2-OtDPR SX^^y^tO{8ffi^^-r0'^fe^o : ■ . : : 
02 3ti. 02 3 a— 02 3 b^SL. ( a) X-r— 2feP R S y 
43<fcO' (b) 2X7^— i/*4feP R S 37^;b^iO^tt^^t*:^P v^0T^^^ 

02 4 (i. lHl«Efe?BL4^iS^M{i%X-r-y^43<ttf$i^^m^^^^^^^ / 

0 2 5 ti. 2.0(7)lHltefe?g b^i^fip7tX-r ^43 J:t>* 2 0£D5i^ft?«? U 
^X^^y ^^ffll^/'c3fe:7^yb^cO|ISS^J^^^^^ > ,: 

0 2 6 Ci; 2 O0[nlKfe?S L^iSS{m7tX-r ^y ^*>cfc 2 OiOTrfl^ .c ;!/ 
U ^ - ^*X ^ ^y ^ V/- 3 fe :7 ^ 0 ^ ^ o ^ 

02 7{j:. 02 7 a-'02 7 d^^L, (a) (b) Xc)m..^^ 



(19) 



— (b) .CRT^m^^rzy.^—?vvzy—^>->^';u^^—v''<:^^ ( 

c). A^y^^^ hf^^L G D7^-;bKi/-^>i^-V>'Vx^^^ *5.^t>* ( 

J (polar izer-retarder -stack : P R S) ^Hf tf tl^ U — ^y ^ 2 0 i:® 

. P R S t^s r?ife{i^:^j (complementary color polar izer)SI#tr • 

iSilv^Z^^ (R/G) T^fei)/)^. iKto^^6tl.r\ mt^-^Ui^ (G/M) ^ . 

fctis^^fe (B/Y) tr^ctiyx-^^o ■PRsm^'^^m^^ 

color video system)CO^^.^tC:JoV^TWffl"eS^o 



(20) 

0 2 tc ^t* J: 3 til . P R S . "y-^f^^T ^ fc^ ic^ £ fc . (iTt 
miC:^^f ^i^R^^^Mt3i^ (super impos ing) CD /cA6tC. fflS75"^T-^V^§ C 
:^)^T^^o {i7te-Axyu^y^i:Jffi^^6-ti:/cP R S ( 1 0 :io<i:tJF2 0) ti.. 

T^ffi^^^Kf ^t>flOTfe^a C(0^oiC. P R Sti. XI*^n/c*{l7^cDefe^ 
iJSghU. ^cD^m. Xyb-T'^y hTbUDfgi/^ Mjir^'g'*?:)HIlfe^^ 

^ftS t* c ^ o r . e> x;l/— y *v > ^ i6 ^ c i: 36^ ^ §0 s: 



(21) 



.£0/^7i/x (impulse) t/^;i^x?tj (ox/^> ii^b^-^x. e»n/c ^Tntf. . 

T'a :7 ^ ;l/^|E13ai-r (truncat ion) tcg-^f < ^-^^y h V — ^ 



(22) 
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mi^x^^^a y^)\^^\t. (N+ 1 ) <D^>/^;i/x;SScDi?->'':/;i^^ 

lC:6\ iSX^^ h 71/ U^i^C free -spectral -range : F S R ) /b^*?*^*^ 

^ c i:^s:mbri/^^ c^tcfflST^o ^fStC^fev-^T. X-O "» 

|^^l^?gC (duty -ratio)" : ^^W^) ti. lt^Ojgfem^ (primary ban 

d)cr)fp.>&&s^c>^# < c nti. u :?-^>x^{t:to5^S7b^4^>i:NiS:gtc 

(0 :7 — U X^gi (Fou r ier coe f f ic ien ts) § C i: ib^ T 1^ § o L b ^ ^ . 
^^JKb-YV MIS (rectangular window funct ioh)'C?^ »?}^TiS C ^ti. ttftg 
^{gT^-l^^}i3il^SUy;l/ (pass -band r ipp le)*5<fct/ig0f^i^1^--f Ka — 7(s 
top-band side- lobes)^^J5gir;&o C<Of-^t? D tCti^ ^ 1 IC. ifi^^^T^— /^^>f 
> K^K?S(tapered window function) {C J: oT-l' >>^^;l/X J^Tn^K St ^S-tt^^ 
^T^^^o Cn^£0^<(i. /\^>'^'(Hamming)> (Manning), y'/y y 



(23) 
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^ V > (B lacknian) 4o X tf:^ +f- (Ka iser) ^ ^ > K ^-g-Cy^^JQ-Ji tVX^ib . 
nrv^^o ClCOJSmt^. 'i7^>'K'i^M^^n/c:(windowed)(^0JtT^nfc(trun. 

cy-samp 1 ing) t Tcti^ig^Jg (equ ir ipp le)^|tjafil^ O tE b ( iterat ive)aa 

^-*y hy—^^J^EK^^ (Harris et al. (1964); J. Opt. Soc. Ain; 54 :1267. A 
mmann et al.. (1966), J. Opt. Sbc. Am. 56 * 1746, and Anunann (1966). J. Opt 
. Soc. Am. 56:943 ^#?.^) tiv Nfe<0 U i??-.^OgElPi*5<^;a'm^ 

\ ^P^^iS(time-domain)/-^;UXiO|it|gjoit/M^?^ 

y □ 7 /i/^^-r ^ tcisbiz^^mm^^^T^ ^ ^ c ^ ^ < 

Ummm^J^.^O^m^^mT^ <l t<DX^^ P R S ISttco-9;r.-fe y h V$>^ C 

_f-{Uue 1 ler)^75^M^fi^fflv^T5^w^n. 'tti^m^0 u :$?-^tf;^o/-ca6^ 

Sc:7^^y-r-r (dispersion m :^j^l^Tv V^ — l^yy^^M^^. : 



(24) 1 -5 0 4 4 

" XU) +r(a) +2(a) 

■■/V r(a) 

r^^**' " X(a> +y<a) +2(a) 

CCT% aJi>''<;l^^ (RGB) Ot^.^.^^1^-r>7='^y^XT'S§> mtM^^^ 

jr(a) = J p^(X)r(X,a>jc<X)ca 
y(a) = J P^(X)T(X,«)y(X)dX 
Z(a) = JP5(>.)r(X,a)z{X)dX 

^T-; X. y. z"i±. 1 9 3 1 C I EfeSI'&KiJl (color matching function) 

T^^o Ps (A ){i7tJS^0a;bX^^ hV!>{power spectrum) 0\ T ( A . a 
^iTDafeTtigti. C R T^Ttft^C^^fl^TtilCd istributed source) <i: y-rVl/ 



(25) 



S^X D -.:/( trans is i ton s lope)^SfS^'5o ^.^.W=& P R S ^fiJctilgBUe^ti: 

;'C/^y-Sil(i7tig^7)^ife^3iai^/ctig^^^ (clesaturation>iC?^ brec 
t/y ^:t•7&fi^S^RL^^:^:5)^^=^^^^/^o ^^V^Tv^^^P^aii{in-band trans; 

fSfPJg*5i: ax;l/- T'^y h icBrn^-^^ ^ :7 ^ ;V ^ /^^ ^ - ^ tcov^r . 

O tf- ^3 cfc tfm {v ice -versa) ^^"T tl H . X^ ^ h /b^iDStl-gitOHilfe 

o P R SigitfCi:oT. {i7t?tCj;^®lRtS. ftS^e^tCti^TtiS (dominant . 
: source) cOa^T^^o L:^^L^;6^5>. (b leach ing)fS7t^tC?^ft-^t^e3fe^^^ 
T*5?ienT0>^73ffi^. -tfnriiy^^}^^ h.(null contrast) ^ti:;^bfcX;l'—y 

-yht ^mr ^tc^ \c^mr^c..kp^x o •.y'U^'^)\^m9^^m^\^m\c^ ^ tc^ 

re):fect:l/SA»^^{gM^^^^o^ ^. ' . J ' . .. . . 



(26) 



ItS^ 1 1 -50 4 4 4 



<D/"«>K*i (10%— 9 0%) ^cJ;oT^i^^*^5o 

-trajgjg^ : -tf p n > h b (nu 11 contrast)«iS2^WlCli{H7t??^7ttfcC 
>' b tC J; 5 ©trfeSo lbiC^%<Orcib(DMiS^ (depb lar izat ion) aBg-??* 

v^i:S*3nTV>5,„ llfi!6(c(*.. 1 0 0 : 1 lf-^/-lf n^iv h5X Killi^< 

@^(out-of-band power spectral max una) tC-fe* n ;£ffBSWtcBSB-r?.OA^*fJ 

d?^-!- (apod iz ing)S^^B«±, ui\^w.Wimn<o9m^^miit -ars c i: % 
g/^ign (u-») : cn{j:> aax^^hvvwV (f sr) ^fca^ja 

MStO^SSiilCBB^-rSo ifiJt bfci>:SC«: PlJE<Oi^Src«7t!S%7t(sourceen.l 
ss ion) A>e.PillLr. Mfe^^Wffiifaffl (desaturation)^jgttS J; 3 tC-T'^eT' 



(27) 



Jt^. a^tg(pile-of-plate){S7t?. n L^Xt^ U *y ^ (cho lester ic)?g0^0. .^fc 
^ b y U XA^OdTtMSr (shear ing) tCg-I^ <^n^ OPa^^ESlJ-T ' 

: ■ \ ' ■ ' , ■ ■ ■• . ; 

ky)o zL^myt^um^t^Mr^ fi-p^^a-r FCPoiaroid). k-(nu 

rJ^-^V >y (Sanritzu) tc J; ^ ^><0^ ^EiSHtcX^pTBg-e^^o : cn^O^mitt 

tf— 43 <fct5?S7teJ:k (extinct ion rat io) tC^5(/^T^{t:-r^o 
ayh^Tshift. mB (bleach ing) 

P R S :&a^f t (p ixelate)t'^ (DtC^fflr^ C i::6^T%:So ^ 

PR s x^ ^y^-e»^tc^v>e>tt^ u ^-x-:>.3 ^^.^ti. :^^o'E>co^a{i 

: ;d'y-r^:^;l'^^U7^-< (optical- clarity)*^ii5^/^C^. --^£0U:^ - - 

>x. ^f^ie^s^f^tc+^^'^8BB^ou^-d;^>x ccnti. ^«tt®tfT(ihduced.. 

SSX^^y.^ti. ^JgffiMI/f (form-birefringence)x/WXO^. fg^H^g^^ 
7V;l/A. JS#(stretched)ig:«'-?U ^-^t^- ^tcirtB^B U ^-^^SrfflV^ 



^tg¥ l 1 -5 0 4 4 4 1 



. cln^cls^^n?5:v^o 

P R SX^^y^^l+iOaS=acffit^. U ^— t"— v'H u 



(29) 



r dX " A. Ai3 dX • 

WlDft^cOX-^^ h/l/ti. iSCD^nj:^^ <fc^)^ rjEie (compressed) l^nr, 

^^{Wu(1986). Phys. Rev. A 33 :1270)tC J; oT^ft^n^ : ■ ■ . 

.; C CT% Toti-tfa^Czero-orderyy ^-^>Xr'^>3.-m . 
. resonance) ^Ictt-r^p Ctlti. ffiSiJAV {STt^iltDPe^TMSja/cttiBfol L/c U 

■ 1- dAn _ ^2V^ ! 

m^mmmttSlif^MmffSm&it {symmetric duty ratio)^#-r5^lt«. 
lii^tc4'J^&Sflcil^a^l± {center wavelength dependent duty rat io)/&.^f' . 



(30) 



!^m¥ 1 1 -5 0 4 4 4 



SESfiv WOTJ'^iioTV^^o ftSW^ISthT'ti. 5 5,0 n rniSit?^S (^m© 
F L Cd^tX-Y-y^^^S 0 0 n m^ffl</^5o 

ii^^®::*: (multiple pass-band max ima) , RS^^^iUCnarrow transition ba 
ndwidth)te<i;O^^MPIlh^^-tfP(iiiaitiplr stop-band null)^fc/c:5>-r. M?* 
6^'&75'Jg:^a 7 (symmetric square prof i le)0^<S(decompos it ion) ICg-cJ 

<.fecot?$.So m-(O^i5!l0<Ja. v;i'^(Soic)7'fyi/:5?icS-^< fe£0-rfet). ^■ 

HO^JS^J . ^i-fJ^? 7 f /V (sp i 1 i t -e lemen t . f i 1 ter ) T,^ !3 . tf-Q (comp le 

:> h'u-ymi^. t3j;t/j!ioffirM-&^,6>!.'<.^ h^I' (A P S) 

>/l/ (S P S) *>P.ji«tC:«-gS-rSfc:J6aM6*I*7r<*X (Pgilg) T'SSo 

runcation)^}gfi!t-r?.C i:lC<};-pTS^-r^C i:A<T-#5, cntcft^ . 



(31) 



numerical metho6s)^m^^^ C tT&^o m^f^i. m^^nrcm^^ 

o •9'>yuy^*ti. Til&SX-^^ h;l/9®Siht (duty-rat io):6^?^|f5 (5 0 : 5 0 

-^^'^B 2 feci: 6*8 3 ti. 2 rcoU^-^'^X^. - 1 5ScDBBfq]^^-r^¥— (0 
. U^-^tcJ;oTS^^h. U^-^*8 4$3cJ:tf 8 5 ti. 2 r^O'J^-^>Xi: 

^.4tO^-r;l> (if»^n/c) X-^^ h;l/t*> ^n-Tne 0 0 n m'r—:^jSgO 



(32) 



@;^(10 0%) : 4 1 7 nm. 4 4 0 nm. 4 6 8 nm 
-Ifn (0%) : 5 4 6 hm. 6 0 0 nm; 6 7 0 iim 
-t^-r Fn-yfgf|® : < 1 . 0 % 
FWHM: 103nm (4 0 0nm— 5 0 3 nrn) 
^^^rjiy^^X : 3 

^5t/^T. m^Xa— T'ti. *54 5 n mT-fe^o *%0^cD5fi{K;^Jgi^^ 

'^(om^ L fc^fg^ox ^ > h ;b^^f-6 x^ ^ . m^<otmm^m.^ ms 

/co ±5StD<i;^tc. ^^y hy-^^^{i.-m^tD-r >A;?;l/X/S^|gS(tc^^^ 



(33) 



1 -5 0 4 4 4 1 



. oU±^^ bT(5L0^ (b 

U^^/l'S^tC^briE^lit Lfc{nonnalized)p SlJgX-^-i^ K;^ 7.) t^SlfX 

h;!/ (^6 b) h^^^tcj;.<— gjLTi/^^o iiB-r^^ti. i&Jg-T^^ii^ 

v;i/^ (Soic)tCcfc^ p R s T'/Wx^^fc. ^ ?-y^m\^^^o , 

. ' Tt^A^^BBfPi^itss-r^BErqitc : r[Hi-r.(w:ind)j :b\ ii'D(Dnwp^\^(o^ffti:^-. 

. 7!k'^hX^^^VjV^(So}c)PRSMmmt. mm function : 

(i. .l5SccO.%^^Oi§T(truncation)tCc^ 



(34) 



v;i/^ (Sole) PR siat^ ijTK>ML (fo\ded):$o^xsmmmmmmmmcm':5\.^ 

. . . ( 2 N - 1) a tcSe^ T^J-flJ-r C <0 P R S tD^ff^^ffiV^T. tUi^M-^im 
. ^lDffiig'&imfe4'*^SfitC:feV^TiSliW{C 1 0 0 %iD^3ii^^^^^ R/ 

- ■ . ■ :^ ■ ■ ■ ■ ■ ■- ■'■""".■>■..'.■ ■■;■'" ' ' ■.■ "■ "■. 

2- 4 CO U :5?-i5i^^ffiO>/c:Jif D ML (folded) locfct/MfBR/'C ;b^-{i7t^^ 



1 1 - 5 0 4 4 .4 I 



StC^fo 0 9fi. Mii^m^J:R/Cmf^ (Sits) :^^L. cntil SJgtOM®); - 

■ r^o V' ■ • ^-^ " ' : ■ . ^. 

^^-r^c^^^Mb/co sSs 2-4C)u.;5^--^^#t-^stt^^^ « ; . ■ 

■ ' 5, 1 0 0 nm®x.^^T^O^H'OP^Jg;b^l|]^pItg/^ O.fi. 

. g4 0lSfh5;&ffll/>rcm{*W^G/M;^3^--^{^^ . . . 

V;I/>>(Solc)W/Mfe \ 



(36) 

:^flj^^ (sp i 1 it-e lement) >^ ^ ^'^^ 
ti. ^i7)^#:^#.^^brcctcm^3i*n^. 1 9 9 4^7^ 1 Z BtCtBiS^ 

\cmn'-^/^t<i^tt^ibm^:t^o — t^cM^-r^^y hayot):?^;!/^ m 12 a) 



(37) 



1 1 - 5 0 4 4 4 1 



(6 0),^5i'fJjb. (6 l :feJ:D*6^2 

5 2) (oi^nti^o:>m^cy m^Lrc m \ 2 b) ^rcu^noy. cm i 2 c:> yt^m 

013 ati. Vl^-^*>^p\ ^ttig?ST\ ^n-^tl. m^^$5<^tf 2m^^7?$ 
T(A )= cos2 ( r/2)cos2(r); 

r| \^ 1 3 atc^fct 3tc. Il^fpi-tf-f Ka — y^^^^t* V ; : : 

i^^fU^^P RSti. ^ l 2 b--!^ I 2 cCOm^^f-A O^J:rJV^—^^^ ; : 

'■' . 2 0^mm^^o U^-^X^^^Ci. U i5?-^6 1/ 5 1 43cJ:t56 2 a;^/c 
1 , .5 2^^lf 6 2 b<0<RinA^^R<i1t"^o *^ 



(38) 



T(A)- sin2{FsE/2)sin2 (rc/2) ; 

T(A)= sin2(rsEy2)cos2(rc/2) 

(convent ion) ^^^-To n ^n-^tl. 5j^Sij^^;b^il3S:6^$ 

ii¥tT?b^tcte#LT. lgttffi^ST^^J^S:ru- hSrcti^iSS-:/^ 



(39) 



11-504441 



R SX^^ hMt. m 13 bfcJ:I/ia 1 3 ciC7jk'^J:ol^. -^-Y^t^y h^(L 
P R S :^ ^-^i)t^^c:|3^,^T. 5^^^^ 

(F S Rr^j^^r^o. ^. 
. ^^cOF^cO. ^l+SgT'(?DU ^-^>XtO^S^W=&ffi^fiv' 1 - 

I rsE/2-rc 1= 1/4- iSfi - 

0±Kg(ceiling)fiV raiiJ^ff (best-base) J . ^ rc{i53'tS^^O.^O^i^3f4^cS"::5^/V 

. ^jn$-ifntc. (t^A.if-S(-r^o. .¥tT^fJ^^{-?tCtti, otitic tn^eh ■ 



(40) 



. u^"^>'x^^ (n + 1/2) tsxif (n.- i/2y i&mT^\:^^o m^i^m 

m^fC^LTti. cnti. ^n^n. (n + n (n) ?s 

X. (m- 1) . m. (m4- 1 ) (m+2) {C—^t^o 

tC*fUT(i. (m4- 1/2) *5^tjF (n+ 1/2) &S£0»J^-:$!^>X;b^^C/c 
^-g-tCi^. 1^— Oj^STti. (m+ 3/2) (n+ 1 ) Kt^cO'J ^-^^ 

X^>. (m-1/2) ^J:I/na^5tDy 

fpICT-^^o ^fT^:>f!J^?tC?*bT(i. (m+1/2) liSXXS n1&^(D^) 
^XTb^^C/cil'&tCti. jWI— Oig^STHi. (m-f-3/2) ^ocfcD* (nH- 1/2) 
JSfi<oy ^-^VX^i. (m-1/2) 4oJ:CF (n- 1/2) S^SO'J^-^V 

<Of^O^MU:^ — ^/X (residual retardance)WK<g (+^'<» ^O^Kft^-^ 
: (rsE/2-rc)= -1/4 Ti>T2 

■ -^^xs : ; ■ - 

(rsE/2-rc)=. -.-1/4 Ti<T2 ■ ' 



(41) 



1 1 -5 0 4 4 4 



ti^o -tfafeg^oEMfi. ^Stc^^n-So A PiStO-tf pJi:. S P S cotf— ^tc . ; 



(42) 



-tlT^ fg U ^-^>X^flJ^^ti. ^TtOffF^ffliliCacceptab le b lock ing 

fay ^-^^'XSIttc^^fflL/co 5^^n^i:*5??. cntiv tf- 

•^^^^^fcU^^i-fiM^U^-^^xtci^-rSfeatifeS^DM^ti. 
-t;D;^3iiST^fci6tcu^-^>'X^|^^-r^^'&; >J^-::^>'X£ofe{tCi— ^ 



(43) 



1 1 - 5 0 4 4 4 1 



jv m i 5 a) ^^i^mumm-^m^:^^^ h;u m i s b) cDsy^Mi^^^^-r. 



(44) 



2. 5®Sco^fiM^U^ — ^VXtcJ^LT 1 0 4 nm FWHMT^$»0. 
. 0 1 6>cSt:5v^T^tc>fcHgtt6li:. 

^ §o 7.^^ h MrMmo:>mWm i7 O nm . FWHM) *5j:IfS»tC©Sbrc-tf 

3. 4%) o 

1 . 5mmo:>^pm^V :$?"^>X(D^:&ffll/^/c4<U:^-4-:^'^-- h PR 

<P^ig|5S^Ci. ^feJ;^4 . 5SS"T?^i:. ^■c-e{iWo:^^^;b^4 1 8 nrntr^K 

8 2 nmT-^t). 4 . 5i&&(06^mm'?V ^—^^XlCtil^X 4 5 nmX$>^ 
mi 7ti.^^T^7t?:&fflV^rc^|+4fcS■-5<. i^X^-tf>'^^;?7 5-{i«?tO 

itto)Gi225{i7t?h^fflo^tm^iz:Trco ^5f5^t!(«3^^m^fc^lt4 t). 

ici^wr^o nmm'pv ^-^>x(o 2^j: »:)>^$v^^:& 



(45) 



o 3l]!i£C«Jfi> — a^i-flJ^? (doub le -sp 1 it-e lement) mmtf'm. i>mmr' £0 

- . ■ ' ■ - : ■ : ^. i ... 

X. n^^Unic-::)^ ^xmm U/tc m9\; 3 i*ST-# ( F W H M.= 

7 8 hm) \ ^-^^ Vu-zrmm^ feiiitf 5 5 0 nmT*<Da«]«D-fe>i&^^Lrc 

o gSIt 1 :&<};?>• 2 ti. /Si/^Si^^^^wrsK moy'ifxn^^^x^ c i:{±.t?.$ 



(46) 



1 -5 0 4 4 4 1 



(om(D hu- v^y i^m^m ^mm-t^o a5^fi^ti:ti^fiMST^f(^o/ca6tc. 

CCO*S^. m^cog 7 nm FWHM< ;^j-y >;t:7SA4 9 6 n m. fecfctf 
mZOit. (Sanritzu)LLC2-5518SF {i7t?^±K. h-(Nittto)NR 



(47) 



PR S<g^i/X7"A 
cfctf 2 K 1 Ov ^<tO^2^^O®7t^7U^y:$?3 0^^^^^ 

. PR Stiffiti6^T*^^tOT% R/C. G/M.. ^/cfi B/ YcorBlcD^li (modul 

, P R, S ^tttcffi^ X^-y^i- y;l/{i7t^(i:. a^,Mtc{i;. o Slo J; 9 

■ ^^X KiJ^^-f^u-r ^^ 4 5jS[^;l/ h F L C®7t^;^rcti2OC0<i3t^;t>'7^v 
V K^3a (po lar izer-on -demand structure) t*§o . f^t?^ 

K— ^ 'J -t:;?? V K^g. 43 J: mgzi X KT'/aP^1P->^X^- U > 
^-^Vt:^ 'y ^^Sb^b^^^ISU. i^B (homogeneous). ;i — tr;l>. ^y-f X h; X . 



(48) 



ItS^ 1 1 -^.5 0 4 4 4 1 



^e5i:#-rSfc46<OlgB- (3>/<'i'>'K) *^t.$/c, »3ST'$.5o ;^^^Xrf'-y 
^>^B^BX-r-y^«. SmA* (^I^Si*(paraelectric)); Sme\ m^-^A.^!^ 
fiiisCdistbred helix fe^^oelect^ic)^ S?i^fli* 

(antiferroelectric). feilf Z^-^^l/^lgSfi^Cach ira 1 ferroe lectric)7'-''^'l' 
T.ij^^mi^-r^Chif^X'^^. SmA\ SmC-«. i^-lC^^iJ^^ir. Sfc«S 

4<DP,gT'Ba[aT-^»3^t>S> iS-tS?iJL/-c2 2. 5 h S m C ' i^ffiST' 

-lfp:^^i:^zSSX-l';y^05X'#J*. fejatceHLTv bI?I (4 0 0 — 7 0 O nm 

VsfctOa, 1teg^«L<eSC#-r§<. 20<D^g^;l/h?Salim®S (PLC) X 
•y^V^'^lijt-r^.o feMLElte^a. — 0®«S@tt(f ield polarity)T% -fe 

20«D^Kfi U ^-x— 3 V7 -< ;U A% F L C U ^ i:ffli5*-^t?'ti:« 
c ic <k ^ TJgfiK-r 5 c i: bX^- >y ^^^bK-T «o U#jS 
gfiTtX-i'-y^^ti. ^o^i*:&#H§t-Sfci6tccci;:Sa*^jiSn5, 1 9 9 5^ 
4^7 fCtBM^nfc:J|€H1tWiUiS^08/419 .593^lCiJSBi^ tlTV^So. felB b^iS 
SX-f •yg=-©-^fi!y^®«. 0 2 4(C3^5n5„ X>l'>y^9 OfiV F L C4^jg:/ 
l>- h 9 2;?rMiib. rhC^^yiy- h 9 2ti. 5 n/ 1 2 i: 8 1 2 i:cO 
. f^T-^^^Wtg^BBlSl^^ b. n X 1 2 -eserol bT(/^St£Sl#JS?ig« 9 3 *3<i; t>' 



(49) 



9 4^r^tcsa«^nTv>^o x>f-y^9 o<Dm-Bv^-^y:^it. ^^STfet) 

f ^ 7 -i- >'l^ t>-^ ^ o cl iOlSif J: . fe^ .7^. X ^y ^ . ^ : 

■ic-r^o- . ■ ■ ; ^ ■■;■■ 



(50) 



1 1 -5 0 4 4 4 1 



S>^7^—i/-^^y^:6^^SKt*^i: (cascade v';!/:^ ^— X-T ^y ^ 

^c^3??^T*%^o ^2 3 b(±. 4ocDm*r^^>^ii^-r^. 2x7^ 

-v'^i^iOT^n^y ^|^%^ U 4O0 ? -^ 3 Oti:inffiil'&i^6 ( R G B ) T'4 0 
i6ti^:ty^mx$>^o y)\^i^'7—U\ ^y ^(i. m 1 (OX^-y ^-v-yyl/ii^^ (9 

o4oj:t;i 5) ^^-r^mi ^^^-Mt^^ (1 o4ojtcF2 0) ^mffiL. cn 

ti^ 2 CD;^J -^-MTt^ (11 ^cfcO* 2 1 ) ^^XS'm 2 (DXHT *y ^i-y^l^ilTt^ ( 

9 i ^5cfcxfi 5) Tb^^stcj^'&^nr^/^^o ft@~r^;^ti. #^cdx7^->^;^j1 



(51) 



1 1 -5 0 4 4 4 1 



^ ^m&y^^d^ hjv<Dmm^t Lx^js.^^^o 4S@cofe. 

l/^^o U :$7-^5^*X^ ^y^ 2 0^<^tf 2 1 fri/ ^tt^n. B/ Yfectt/R/ C :^7^ 

<l7t^x-^> hyi/ti. ^n^n^ 5 ^Scfcoris 7 tc^bfco x^ x^^t. b/y.x 

^y<7\cn\^X 6 0 O n mfD^fhiSS^x ,R/C X^^y^tC Jtf LT 6 4 3. h , 
ttJgSg^^r^. --y >-(Nitto)NRZ4< U:^ 'J :?-^T'«^b/co M / 

1 0, 1 5*5cfcCFl Hi. ARri — 7"^>y:^>&r^-'y b"(Nit^^^^ 
DUiiTt^'Tfe^o {l7tX^;y^9 0*5<^a'9 1 tiV .^-y F-{Nitto^^^^ 0 On : 



(52) 



m^Kfi V ^— r"— V' ^yy^ ;l/ A ^ffl^'&t^H±/c 5 0 0 n m¥?Sg F L C 

b) *5j;a' (c) ec>*a?i?g^i^.fe^ bi:^>^o ^r^miti. 02 7 dic^fo 

02 8 a Ci. ffi^^^^^(imaging optics) 1 1 O^^Ulyiy-^^ l 2 O^M 



(53) 



S^MI* (emissive) X>^U-f^^> . ^fctiSP (modu la tor) x-YX 

1/ ^ h n ;l/ ^ -9: > X ( A M E L) ^ X^f b-Y . Um^WcM ( f ie Id em iss 
ion)T'/^-<X (F E D) ^mi^f^C tti^X^t^o m2 S c K^Pf^r< 
X U'^ (transm iss ion -mode modu la tor d isp lay) >; ^ ^ *y "^^^ V T^zS 1 3 1 
;SrW ^ -^/l/^ If i7 -tr ^ ^ 7 ^^Iffl b 

^D^T'^/W:^UX-Y^y^^^^*T^^,<fc<. mtf. ?Ep^t''<X>^U^ (LCD 

y-r^^y^. DH F. ^fc^i:ff^J;^t^SmC•Srcti:SmA^:^^'^^ 

1 4 .0 ^ffi^-a-t^-^/c^-t- >y U^^#^-r^o \gM^— FTt^7fet±:6 
^ - >^ Y ;b ^ ^jI p 7c 2 ooSiS^^/ic-r ^ (OX\ i ^ - ^ }V^ (d^^:^ 

^x:/b^;&iS«b. ^gis/^^y:$rrV^cDdg^ScD;&i.>xi^*^^ 
14 i^-r§c:i::^)^-e^^o : / 

< ^^^fflT^o . 7 — K s^— ^x^i/ -^^ ;l/:^7 ^-7^^^^^^ 

. ^iSilfe(appearance)^}t/c^±^fc46{C. ^W.^(Ommt. AmJ^^ 
-l'7-<— ;l/Hv/-V>5/^7l/i^X7"At^.;^ :9 0HzCD 

S f 7 ^ ^yl/ K iy-'r > ^ /Uy^-f X ^ fi. v' a- ^y ^ 7': i: IrI^ 



(54) 



1 1 - 5 0 4 4 4 1 



iy^r >y ^T\y^^.i:rSti ~>-/'^immit {\£i//tMt) Sn/tCpixelat 
^{multiple dispiay)^ffifflt-?.r^Stl-a-7'-^x:/Wt'X-rAli:^ffi-r^ci: 

(a cascade of^T^^ 7.y\y^^mi^X 77l/;tJ 7 -^r^-T So C ©.fc ? 7;!/ 



(55) 



1 1 -5 0 4 4 4 1 
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